1. Introduction {#sec1-molecules-25-01306}
===============

Environmental pollution and the management of accumulated waste has become one of the major global problems of contemporary society. World production of plastics grew up to 335 million tons in 2016, where 70% of the total amount of plastic packaging ended up in landfills \[[@B1-molecules-25-01306]\]. Every year, millions of tons of food packaging waste has been generated in landfills, which presents a serious environmental problem. Therefore, the use of biopolymers to produce environmentally sustainable packaging can be a promising solution, as an alternative to plastic packaging. Namely, by use of biopolymers, it can reduce the problem of plastic waste accumulation, as well as a quantity of biomass and agro-industrial waste, from which biopolymers are mostly derived.

In addition to biobased food packaging, there is an increased expansion of active packaging on the market \[[@B2-molecules-25-01306]\]. The active packaging material is designed to release active ingredients into food or absorbs them from food, in order to maintain or improve the quality and shelf life of products. Most famous and commonly used active packaging technologies in the food industry are emitters (antimicrobial agents, antioxidant agents) and absorbers (bind ethylene, moisture, CO~2~ and O~2~) \[[@B3-molecules-25-01306]\]. Active components or absorbers can be used in the form of a pouch/capsule inserted into packaging or can be incorporated into the packaging material itself \[[@B4-molecules-25-01306]\]. Biopolymers have found significant application as active packaging materials, since they can provide high antimicrobial activity, or can improve this functionality by the incorporation of natural active agents into their matrix \[[@B5-molecules-25-01306],[@B6-molecules-25-01306],[@B7-molecules-25-01306],[@B8-molecules-25-01306],[@B9-molecules-25-01306],[@B10-molecules-25-01306]\].

Currently, thermoplastic starch (TPS) is one of the most investigated biopolymers for food packaging application, due to easy processing by commonly used equipment for manufacturing of the plastic materials, such as injection molding, blown film extrusion, compression molding, casting, and extrusion \[[@B11-molecules-25-01306],[@B12-molecules-25-01306]\]. Moreover, starch is a widely abundant biopolymer, since it is obtained from renewable plant resources such as corn, wheat and potato harvests. Generally, TPS is obtained by the disruption of the starch granules and their constitutive crystals into a flowable thermoplastic in the presence of water and plasticizer and under applied high temperature and shear. The main drawbacks that limit the widespread use of TPS packaging are their high sensitivity to moisture and aging within the time, due to starch retrogradation. Hence, TPS materials are available in the food packaging sector only for short life applications, dry food and long shelf life applications that do not require high water vapor/oxygen barriers. The main drawbacks that limit the widespread use of starch-based packaging are their high sensitivity to moisture and aging within the time, due to starch retrogradation. In order to extend the functionality of starch-based materials, different natural fillers and antimicrobial additives have been investigated \[[@B13-molecules-25-01306],[@B14-molecules-25-01306],[@B15-molecules-25-01306],[@B16-molecules-25-01306],[@B17-molecules-25-01306],[@B18-molecules-25-01306],[@B19-molecules-25-01306],[@B20-molecules-25-01306],[@B21-molecules-25-01306],[@B22-molecules-25-01306],[@B23-molecules-25-01306],[@B24-molecules-25-01306]\]. A potential green source of natural additives can be grapevine cane, which represents the agro-industrial waste from viticulture. Grapevine canes are pruned annually and usually disposed into the soil or burned, thus offering no major economic benefits. Recently, it has been found that vine cane waste is rich in bioactive components, mainly trans-resveratrol and trans-ξ-viniferin, that have high antifungal activity toward various pathogens \[[@B25-molecules-25-01306],[@B26-molecules-25-01306],[@B27-molecules-25-01306],[@B28-molecules-25-01306]\]. Hence, the aim of this study was to evaluate the physicochemical properties of biobased materials prepared from corn starch loaded with different content of grapevine cane extract in order to assess their potential use as an active packaging system. Up to date, grape waste, such as seeds \[[@B29-molecules-25-01306]\] and pomace \[[@B30-molecules-25-01306],[@B31-molecules-25-01306]\], have been investigated as a source of polyphenols to upgrade the properties of starch-based materials, but to the best of our knowledge, it is the first time grape cane waste has been used as a filler into a starch matrix.

2. Results and Discussion {#sec2-molecules-25-01306}
=========================

2.1. FTIR Analysis {#sec2dot1-molecules-25-01306}
------------------

FTIR spectroscopy is a technique that can give insight into starch granules transformation during thermal processing and detects possible interactions between components in material. Hence, in order to confirm the plasticization of starch and to evaluate interactions between grape cane extract and starch, FTIR analysis of neat powder starch, compression-molded starch material (TPS) and thermoplastic starch/grape cane extract material (TPS/WE) was performed and presented in [Figure 1](#molecules-25-01306-f001){ref-type="fig"}. The broad band between 3600 and 3000 cm^−1^ in the spectrum of neat starch is related to stretching vibrations of the OH groups. The band located at 998 cm^−1^ is attributed to the C-O stretching vibrations of the C-O-C group, whereas bands located at 1152 and 1082 cm^−1^ correspond to the C-O stretching vibrations of the C-O-H group. The band at 1645 cm^−1^ is ascribed by δ(O-H) groups from water. It has been reported in the literature that the absorbance band around 1050 cm^−1^ represents the amount of crystalline structure, and the bands around 1020 and 995 cm^−1^ are characteristic of the amorphous starch \[[@B32-molecules-25-01306]\]. Thermal processing of starch causes a shift of bands located around 1020 and 995 cm^−1^ to higher frequencies, whereas the band located around 1050 cm^−1^ completely disappears in the case of the TPS sample. A new peak located at 1105 cm^−1^ has been detected in the spectrum of the S sample, confirming the presence of glycerol \[[@B33-molecules-25-01306]\]. Moreover, the band in the region of 3600 and 3000 cm^−1^ becomes broader, with higher intensity, and this band shifts to higher frequencies after thermal processing of starch, indicating the formation of new hydrogen bonds between water, glycerol, and starch. Regarding the spectra of TPS/WE samples, additional peaks have been detected, i.e., a 1608 cm^−1^ (stretching vibrations of C-C aromatic double group) and 1508 cm^−1^ (in-plane bending vibrations of phenyl C−H bonds) \[[@B34-molecules-25-01306],[@B35-molecules-25-01306]\]. It was reported in the literature that starch could interact with phenolic compounds through the formation of a V-type inclusion complex where the phenolic compound is tightly complexed inside the cavity of amylose helices or through the formation of a complex with much weaker binding mostly through hydrogen bonds \[[@B36-molecules-25-01306]\]. The incorporation of grape cane extract into the starch matrix causes shifts of bands associated with aromatic moieties and (OH) groups, suggesting interactions between starch and bioactive components from the extract via hydrogen bonding and inclusion complexation.

2.2. SEM Analysis {#sec2dot2-molecules-25-01306}
-----------------

The morphology of thermoplastic starch-based materials is shown in [Figure 2](#molecules-25-01306-f002){ref-type="fig"}. All tested materials demonstrate a rough and dense surface. Moreover, it can be seen that the addition of extract into the starch matrix causes a more dense structure. In fact, a higher concentration of extract leads to its agglomeration in the starch matrix. It is important to note that the compression molding process started the process of losing the structural order in native starch granules and their constitutive crystals. Still, the melt of all crystals is not achieved, which is evidenced by random half-melted crystals on the SEM micrograph (SEM of control TPS). Hence, it was possible to convert starch into thermoplastic starch in a compression molding machine, but full conversion did not occur. In order to obtain a full conversion, the extrusion step before compression molding is required for better homogenization of gelatinized starch with water and glycerol and/or longer time of processing in the compression molding machine. However, both steps can influence the degradation of active components from extracts during the processing of material, giving as a final result material with less bioactive potential. Hence, in this work, compromise with respect to the extract activity has been made, keeping the processing of material as simple as it is possible and with the shortest processing time required to obtain material.

2.3. Mechanical Analysis {#sec2dot3-molecules-25-01306}
------------------------

Mechanical resistance is a key parameter for food packaging because the package should maintain its integrity during packaging, transport and storage of food products. The mechanical properties of starch materials are presented in [Figure 3](#molecules-25-01306-f003){ref-type="fig"}. The results demonstrate that the addition of grape cane extract up to 15 wt% causes a decrease in tensile strength and Young's modulus. On the other side, elongation at the break increases for the samples that contain up to the 10 wt% of the extract. Further increase of the extract content in the thermoplastic starch matrix leads to a decrease in elongation at break value. The increase of elongation at break of TPS/WE samples up to specific content can be explained by weakening the intermolecular bonds between the starch chains. Hence, the segmental mobility of starch chains increases, thus leading to improved flexibility and reduced tensile strength and Young's modulus of TPS/WE5 and TPS/WE10 samples. According to these results, it can be concluded that grape cane extract has an additional plasticizing effect on starch, which has been expected since the extract is rich in polyphenols. The obtained results are in agreement with data from the literature, where the presence of extracts rich in polyphenols (thymol \[[@B37-molecules-25-01306]\], blackberry pulp \[[@B38-molecules-25-01306]\], carvacrol \[[@B39-molecules-25-01306]\], grape pomace waste \[[@B30-molecules-25-01306]\]) increased elongation at break and decreased the tensile strength of starch films. Moreover, Silva et al. showed that the addition of resveratrol into the cellulose matrix led to reduced tensile strength and enhanced elasticity \[[@B40-molecules-25-01306]\]. However, it is important to note that the concentration of extracts in the starch matrix from the above-mentioned literature did not exceed 10 wt%. In the case of the sample TPS/WE15, tensile strength and elongation at the break decrease, probably due to higher agglomeration of grape cane extract particles and their non-homogeneous distribution within the starch matrix.

2.4. Thermal Analysis {#sec2dot4-molecules-25-01306}
---------------------

Thermogravimetric analysis was carried out in order to evaluate the influence of extract on the thermal decomposition of starch-based films. As it can be seen from [Figure 4](#molecules-25-01306-f004){ref-type="fig"} and [Table 1](#molecules-25-01306-t001){ref-type="table"}, thermoplastic starch and their composites decompose in three weight loss steps: a) weight loss in the range of 50 °C and 100 °C associated with evaporation of free water, b) weight loss in the range between 100 °C and 180 °C associated with release of bounded water in system, and c) weight loss between 280 °C and 380 °C, associated with degradation of glycerol and starch chains. Grape cane extract shows one degradation step in the range of 120 and 220 °C, related to the decomposition of polyphenols, and also a wide degradation peak in the range of 240--390 °C, which is related to degradation of active components: trans-resveratrol and trans-viniferin \[[@B41-molecules-25-01306],[@B42-molecules-25-01306]\]. The initial degradation temperature (T~onset~) of control thermoplastic starch is detected at 280 °C, whereas the maximum degradation rate temperature (T~max~) appears at 312 °C. The T~onset~ values decrease upon the incorporation of grape cane extract, and it is most pronounced in the case of TPS/WE15. In fact, DTG curve of TPS/WE15 displays a wide shoulder degradation peak, suggesting decomposition of bioactive components from extract, glycerol and TPS chains, all together. These data are in agreement with research work published by Agustin-Salazar et al. \[[@B34-molecules-25-01306]\] and Ortiz-Vazquez et al. \[[@B43-molecules-25-01306]\], where a decrease in thermal stability of PLA and butylated hydroxytoluene films with the addition of resveratrol as a bioactive component, respectively, was observed. Although the thermal stability of S films that contain the grape cane extracts is slightly reduced, T~onset~ is above 270 °C, which is significantly above the processing temperature region of TPS in the compression molding machine (140 °C), thus confirming that these formulations could be processed without risk of high thermal degradation of neat components.

2.5. Antioxidant Capacity {#sec2dot5-molecules-25-01306}
-------------------------

The grapevine cane extract used in the present study is mainly composed of the following stilbenoids: (*E*)-ε-vinifera and (*E*)-resveratrol. By another side, the solubilities of trans-resveratrol (stilbene model compound) in different alcohol solvents and water had been measured at different temperatures \[[@B44-molecules-25-01306]\]. The authors found that its solubility increases with temperature but decreases along with carbon numbers in alcohol solvents, and the solubility in alcohol was higher than in water. That is why we selected water, pure methanol and its mixture with water as stilbene release media for antioxidant capacity measurements.

The radical-scavenging activity of the neat TPS and TPS/WE samples was assessed by DPPH assay, using three extractive mediums for bioactive components from the starch matrix: water, methanol/water 80/20 *v*/*v* and methanol ([Figure 5](#molecules-25-01306-f005){ref-type="fig"}). Neat TPS does not show any antioxidant activity, whereas all TPS/WE samples exhibit the highest antioxidant activity when methanol/water 80/20 *v*/*v* is used as an extraction medium. This result is expected because grapevine cane extract is not soluble in water, whereas it has moderate solubility in pure alcohol and complete dissolution in alcohol/water 70/30 or 80/20 *v*/*v* mixture. The antioxidant capacity of TPS/WE samples increases with an increase of the extract content in materials. The radical-scavenger capacity ranged from 15 (TPS/WE5) to 39% (TPS/WE15) using water as a solvent, from 38 to 87 in methanol/water 80/20 *v*/*v*, and from 31 to 86% in absolute methanol, for 1000 µL of DPPH solution. High antioxidant capacity of obtained grape cane extract has been already proven in our previous paper \[[@B26-molecules-25-01306]\] and supported in the literature by other authors \[[@B45-molecules-25-01306],[@B46-molecules-25-01306]\], due to the presence of phenolic groups in extract itself. The IC~50~ (concentration required to scavenge 50% DPPH radicals) values of the oligostillbenes caraphenol A and α-viniferin A were determined and compared with Trolox antioxidant standard by Li et al. \[[@B47-molecules-25-01306]\]. All compounds showed antioxidant activity in a dose-dependent manner, which agrees with results from this work. The authors reported that the antioxidant reaction could proceed by redox-mediated mechanisms (especially electron transfer and H+ -transfer) as well as non-redox-mediated mechanisms. In another study, the scavenging activity of 10 new stilbenoids isolated from the roots of *Caragana sinica* was measured. Only three of these compounds showed moderate DPPH scavenging activity and lipid peroxidation inhibitory activities with IC~50~ values ranging from 34.7 to 89.1 μM \[[@B48-molecules-25-01306]\]. Regarding starch-based films, it was shown that the incorporation of orange peel oil/zein nanocapsules provided DPPH radical scavenging activity of 30% \[[@B49-molecules-25-01306]\]. Yun at al. obtained 60% of DPPH scavenging activity when 4 wt% of Chinese bayberry was added into starch films \[[@B50-molecules-25-01306]\]. On the other side, when a higher concentration of extract is included into the starch matrix (between 10 and 20%), high antioxidative activity can be obtained. For example, Pineros-Hernandez at al. obtained a similar antioxidant activity of starch/rosemary extract (20 wt% of rosemary extract) films to those in this work \[[@B51-molecules-25-01306]\].

2.6. Microbiological Assay {#sec2dot6-molecules-25-01306}
--------------------------

The inhibition growth (IG) of the *Botrytis cinerea*, *Mucor indicus*, *Aspergillus niger*, *Rhizopus stolonifer,* and *Geotrichum candidum* on the control TPS, grape cane extract and TPS/WE samples was determined. TPS control sample does not show antifungal activity toward any of tested pathogens. On the other side, grape cane extract shows complete inhibition growth only of *Botrytis cinerea*. TPS/WE samples show moderate antifungal activity toward *Botrytis cinerea* by the reduction of the growth rate of fungi. The inhibition growth rate of *Botrytis cinerea* at the contact surface is in the range between 29% (TPS/W5) and 43% (TPS/WE15) (see [Figure 6](#molecules-25-01306-f006){ref-type="fig"}). As the concentration of extract in thermoplastic starch matrix is increasing, the inhibition growth of fungi is higher. Moreover, the spore germination has not been detected, which is important in the control of the phytopathogens, because a lack of spore germination inhibits reproduction and dissemination of fungi. This result implies that TPS/WE material can be used as a supportive layer in food packaging, but only directly placed in the contact zone with food products (fruits), and thus, prevents their further contamination or spoilage during storage and transport.

The antifungal activity of TPS/WE samples is mainly attributed to the presence of bioactive stilbenoids in the extract. In fact, high antifungal activity of resveratrol and moderate activity of viniferin toward *Botrytis cinerea* has already been proved by several authors \[[@B28-molecules-25-01306],[@B52-molecules-25-01306],[@B53-molecules-25-01306]\]. On the other side, TPS/WE samples do not show any antifungal effect against other tested fungi pathogens. Regarding the antifungal activity of films containing resveratrol or viniferin, there is not enough data literature to be able to explain such selective antifungal behavior obtained in this work. Pastor et al. pointed out that chitosan-methylcellulose/resveratrol films did not have antifungal activity toward *Botrytis cinerea* and *Penicillium italicum*, due to the low release of resveratrol from the biopolymer matrix into the environment \[[@B54-molecules-25-01306]\]. However, Lozano--Navarro et al. obtained moderate antifungal activity toward *Penicillum notatum*, *Aspergillus niger* and *Aspergillus fumigatus* \[[@B55-molecules-25-01306]\].

Antimicrobial activity tests of TPS/WE samples toward *E. coli*, *S. aureus* and *Salmonella typhimurium* were also performed. The control TPS film does not show any antimicrobial activity, as it is expected. TPS/WE samples show neglected antimicrobial activity in the contact zone toward *E. coli* and moderate antimicrobial activity toward *S. aureus*. On the other side, samples do not show any antimicrobial activity toward *Salmonella typhimurium*. It is interesting to note that all samples tested against *S. aureus* give two halo zones, first related to 100% of growth inhibition in area of 13 × 13 mm (TPS/WE15) and moderate growth inhibition in area 35 × 35 mm (see [Figure 7](#molecules-25-01306-f007){ref-type="fig"}). These results are in agreement with the data in the literature. Li et al. pointed out that resveratrol was most efficient for the growth inhibition of *S. aureus* and less active toward *E.coli* and *C. albicans* \[[@B56-molecules-25-01306]\]. Moreover, Paulo et al. observed higher antimicrobial activity of resveratrol toward Gram positive bacteria (*Bacillus* and *S. aureus*) than Gram negative bacteria (*E. coli*, *Salmonella* and *Klebsiella*), suggesting that the antimicrobial mechanism of resveratrol disrupts the microbial cell cycle, i.e., microbial growth, evidenced by changes in cell morphology and DNA contents \[[@B57-molecules-25-01306]\].

3. Materials and Methods {#sec3-molecules-25-01306}
========================

3.1. Materials and Methods {#sec3dot1-molecules-25-01306}
--------------------------

Corn starch with a molecular weight of 50,000 g/mol was obtained from Corn Products Chile Inducorn S.A. Glycerol was purchased from OCN company (China).

3.2. Extraction Method from Grape cane Waste {#sec3dot2-molecules-25-01306}
--------------------------------------------

The detailed extraction procedure and characterization of active components from grape vine (*Vitis vinifera* L.) canes were briefly described in a Chilean Patent \[[@B58-molecules-25-01306]\]. Namely, Pinot Noir grape canes pruned in the winter of 2014 at De Neira Vineyard, Bio-Bio region, Chile, were used as a source of bioactive compounds. After storage for over 3 months at 19 °C ± 5 and 70% relative humidity, the grape canes were chopped in a Retsch grinder (model SM) at 300--2000 rpm and immersed in a reactor that contained ethanol/water solution (80:20 *v*/*v*) at 80 °C for 100 min. After solvent evaporation, the extract was collected and spray-dried using a BHS Büttner-Schilde-Haas AG dryer at a rate of 15 mL/min, operated with an inlet temperature of 160 ± 5 °C, outlet temperature at 60 ± 5 °C, and injected compressed air at 40 MPa. The spray-dried grape cane extract (WE) was stored under room temperature in aluminum containers. According to HPLC analysis, the main bioactive components of the obtained extract are trans-resveratrol (14.3 mg/L) and trans-ξ-viniferin (29.0 mg/L).

3.3. Preparation of Starch-Material {#sec3dot3-molecules-25-01306}
-----------------------------------

In order to obtain control thermoplastic starch, 500 g of corn starch was homogenized with 150 g of glycerol and 25 g of water at 45 °C and a speed rate of 2800 rpm in high-speed blade mixer (Cool Mixer, Labtech model LCM-24). Afterward, 25 g of homogenized starch was placed between two stainless steel plates that were covered with a teflon sheet. The dimension of the mold was 100 × 100 × 0.5 mm^3^. The starch samples were pressed in a Labtech LP-20B hydraulic press at an applied pressure of 70 bar for 3 min at 140 °C. The resulting material was cooled for 1 min before being unmolded. This material is coded as TPS. TPS/WE materials were prepared by homogenization of corn starch, water, glycerol, and WE at different concentrations (5, 10 and 15 wt% per mass of starch) in a high-speed blade mixer, following the same procedure as for control TPS. The concentration of glycerol and water was kept constant in all formulations. The code formulations were TPS/WE5, TPS/WE10 and TPS/WE15 for samples containing 5, 10 and 15 wt% of WE, respectively.

3.4. Characterization of Materials {#sec3dot4-molecules-25-01306}
----------------------------------

### 3.4.1. FTIR Analysis {#sec3dot4dot1-molecules-25-01306}

FTIR spectra of thermoplastic starch-based materials were obtained at room temperature by Jasco FT/IR 400 spectrometer in the range of 4000--400 cm^−1^ at a resolution of 4 cm^−1^.

### 3.4.2. SEM Analysis {#sec3dot4dot2-molecules-25-01306}

The morphological analysis was performed by an ETEC autoscan SEM (Model U-1, University of Massachusetts; Worcester, MA). The samples were fixed in a sample holder and covered with a gold layer for 3 min using an Edwards S150 sputter coater (BOC Edwards, São Paulo, Brazil).

### 3.4.3. Mechanical Analysis {#sec3dot4dot3-molecules-25-01306}

The tensile test was performed by Instron dynamometer model 1185, equipped with a 1 kN load cell, according to the procedure described in ASTM D638 standard. The cross speed rate was 10 mm min^−1^. All measurements were carried out at room temperature and 50% of relative humidity. The reported data are the average values of six determinations. The obtained values of the tensile strength, elongation at break and Young's modulus were within ± 10%.

### 3.4.4. Thermal Analysis {#sec3dot4dot4-molecules-25-01306}

The thermal stability of TPS and TPS/WE sheets was monitored by a NETZSCH TG 209 F3 Tarsus^®^ thermal analyzer. The measurements were carried out at a heating rate of 10 °C/min and under nitrogen atmosphere from ambient temperature to 500 °C. For each composition, the thermogravimetric tests were performed in duplicate.

### 3.4.5. Antioxidant Capacity {#sec3dot4dot5-molecules-25-01306}

For determination of the antioxidant capacity of biomaterials, the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical was used, according to the methodology previously described by Ventura-Aguilar et al. \[[@B59-molecules-25-01306]\]. Briefly, 1 cm^2^ of each TPS/WE material was macerated with three solvents: distilled water, methanol/water (80:20), and methanol, and centrifuged at 8500 rpm for 10 min. Twenty microliters of the supernatant were recovered and mixed with 750 µL of DPPH% (133.33 µL) and incubated for 30 min at room temperature. The absorbance was measured at 517 nm, using a Genesys 10s UV-VIS spectrophotometer. The results were expressed as a percentage of DPPH radical scavenging according to the following Equation (1), where Ab and As represents absorbance of the blank and sample, respectively.

### 3.4.6. In vitro Antimicrobial and Antifungal Activity {#sec3dot4dot6-molecules-25-01306}

The antimicrobial assays were performed against 3 ATCC bacteria *E. coli* ATCC 25922, *Salmonella typhimurium* ATCC 14028 and *S. aureus* ATCC 25923. The inoculum was prepared using a direct colony suspension method in nutritive broth. The bacterial growth turbidity was established by the McFarland 0.5 method (1 x 108CFU/mL). A cotton swab was used to inoculate the nutritive agar, which was moistured with the bacterial suspension and distributed over the entire surface of the Petri plates. It was left to dry for 10 min, and afterward, the corresponding starch samples were placed. The inhibition zones were determined after 24 h of incubation at 35 ± 2 °C.

For antifungal assays, the microorganisms *Botrytis cinerea*, *Mucor indicus*, *Aspergillus niger*, *Rhizopus stolonifera,* and *Geotrichum candidum* were grown separately on Potato Dextrose Agar (PDA) Petri plates for a period of 3 weeks at 25 °C. Each starch sample (1cm × 1 cm) was placed on a PDA plate surface seeded with 5 mm of the fungal spore disc. The fungal plates were incubated at 25 °C for 7 days, and mycelial growth was measured daily using a Vernier caliper, in order to evaluate the diameter reached by the mycelium over time. Analyses were carried out in triplicate.

4. Conclusions {#sec4-molecules-25-01306}
==============

Grape cane extract obtained from viticulture residues due to its antifungal/antimicrobial properties was included in different ratios in thermoplastic starch materials by a compression molding technique. These materials were characterized by various techniques in order to evaluate their physical-chemical properties and potential usage in the food packaging sector. Materials containing the highest ratio of grape cane extract (15 wt%) showed sufficient thermal stability, moderate mechanical resistance and highest antifungal and antimicrobial activity, confirming that viticulture waste could be good source of natural, non-toxic active components in comparison to commonly used synthetic fungicides and could be efficiently incorporated into thermoplastic biopolymers, acting as a bioactive food packaging layer.

**Sample Availability:** Samples of the compounds are available from the authors.
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molecules-25-01306-t001_Table 1

###### 

Thermogravimetric parameters obtained for TPS and TPS/WE samples.

  Sample     W~L100~,%   W~L180~,%   T~onset~, °C   T~deg~, °C   Char Residue, °C
  ---------- ----------- ----------- -------------- ------------ ------------------
  TPS        2           8           280            312          10
  WE         3           14          220            240--390     36
  TPS/WE5    2           9           273            312          14
  TPS/WE10   2           9           271            314          17
  TPS/WE15   2           9           269            319          19
